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Theory of quartz crystal microbalance based on admittance (QCM-A) method
A 27 MHz QCM device, AFFINIX QN Pro (ULVAC, Japan), based on admittance (QCM-A) analysis [1] was used in the current study. Generally QCM detects the mass of materials that had been adsorbed to the electrode surface as a frequency change (ΔFs), which is related to mass uptake via the Sauerbrey equation [2] .
where ω is circular frequency (rad/s), ρ 1 is the density of the adlayer (g/cm 3 ), and ωρ 1 h 1 is mass load.
However, if the adsorbed layer (adlayer) on a sensor is not rigid but viscoelastic, the frequency change will not obey the Sauerbrey equation, and the change in impedance (Z (gm/sec/cm 2 )) is expressed by the following equation (1) as derived by Granstaff et al [3] :
where ρ 2 is density of solution (g/cm 3 ), η 2 is the viscosity of solution (Pa s), G is the complex modulus of elasticity, Gʹ is the storage modulus, Gʹʹ is the loss of modulus, (ωρ 2 η 2 /2) 1/2 is viscos load, and j is the imaginary unit.
From equation (1), the change in frequency, ΔFs, ΔFw and ΔF2 would be expressed by equation (2), (3), (4), respectively.
, where (ωρ 2 η 2 /2) 1/2 is the viscous load of the solution and is regarded as 0, because we consider that there is no viscous change in the solution. The load including G is viscoelastic load. Because ΔFw holds for only viscoelastic loads, it provides information on the viscoelastic properties of the adlayer on the sensor. In short, when
ΔFw is zero, the adlayer is rigid, while the adlayer is viscoelastic when ΔFw is large.
ΔF2 is the frequency that is most affected by viscoelasticity and corresponds to "ΔFs minus ΔFw". The energy dissipation (D-value) is also obtained from the following equation.
Since the value, Fs, is far larger than the ΔFw, ΔD is proportional to ΔFw. Therefore, ΔFw as well as ΔD can be an indicator for energy dissipation. Viscoelastic coefficients can be calculated from equations (2) - (4) 
